Abstract: Artificial bone has been applied to reconstruct bone defects. However, few reports have evaluated implant stability or implant placement after grafting block-type artifi cial bone. Interconnected porous hydroxyapatite (IP-CHA) has the superior advantage of osteoconduction ability because of porous and interconnected structure. The purpose of this study was to evaluate the stability of implants placed in bone reconstructed with an IP-CHA block. IP-CHA cylinders (D; 6.0 mm, H; 12.0 mm) were grafted into bone sockets in the right femurs of three male dogs. After 3 months, an implant was placed into a socket that was prepared in the central portion of the grafted IP-CHA on the right side, then implants were placed in the sockets (test-group). Simultaneously, an implant was placed into the parent bone of the left femur (control-group). The implant stability quotient (ISQ) was measured immediately after placement. Twelve weeks after implant placement, ISQ and removal torque (RT) measurements were performed to assess implant stabilities. ISQ values in the test-group after 12 weeks were signifi cantly higher than those at the time of placement in the test and control groups (P<0.05). RT was not signifi cantly diff erent between bone sites reconstructed with IP-CHA and parent bone sites. At sites reconstructed with IP-CHA, bone formation was detected around the implant socket. The data indicate that favorable implant stability was achieved at sites reconstructed using an IP-CHA as well as at control. These results showed IP-CHA might be a useful type of artifi cial bone for preliminary bone reconstruction in implant therapy.
Introduction
The success of implant treatment depends on the presence of adequate bone quantity and quality at the placement site 1) . Large bone defects caused by trauma, tumors, or severe periodontal disease make implant application diffi cult. In these situations, implant placement is performed after bone reconstruction using bone grafting 2, 3) . Bone graft materials used before implant placement include autologous calvarias or iliac crest bone blocks 4, 5) . Autologous bone is the gold standard material for bone grafting. However, there are some problems because the harvesting surgery may not supply sufficient bone for grafting and can cause persistent pain, nerve damage, fracture, or cosmetic defects at the donor site 6, 7) . Therefore, artificial bone has been used as a biomaterial for bone grafting. Hydroxyapatite (HA) have been applied as an artificial bone graft material because of its superior biocompatibility, lack of harvesting limitations, and osteoconduction ability.
Osteoconduction is one of the key factors in bone formation, and depends on the material's structure. Traditional HA is not suitable for bone reconstruction in implant treatment because of its non-porous structure and low porosity. Recently, HA with a porous structure has been recognized as having superior osteoconduction because its interconnected structure allows for efficient migration of boneproducing cells and vascularization from the surrounding bone. Interconnected porous hydroxyapatite (IP-CHA) has been reported as a type of artifi cial bone for bone grafting and is now widely used in both clinical and experimental fi elds [8] [9] [10] . IP-CHA has a systematic arrangement of uniform, spherical, interconnecting pores, can provide favorable scaffolding, and allows cells or agents access into the internal structures. Our previous studies demonstrated that block-type IP-CHA also exhibited favorable osteoconduction, with regenerated bone detected in deep portions of the IP-CHA 11, 12) . These findings indicate that bone reconstruction sites would achieve osseointegration after implant placement. In fact, our pilot study demonstrated that osseointegration of placed implants could be detected at a site reconstructed with IP-CHA as well as at a parent bone site 13) . However, the evaluation was limited by the histological observation method, and implant stability has not yet been assessed at sites where bone was reconstructed with IP-CHA. Moreover, there has been no report evaluating implant stability at sites reconstructed with block-type artificial bone. The purpose of the present study was to evaluate the stabilities of implants placed at sites reconstructed with IP-CHA.
Materials and Methods

Ethics
The animal research protocol was in accordance with the current version of the Japan Law on the Protection of Animals. This study was approved by the Research Facilities Committee (Approved number: A11-98).
Materials
IP-CHA cylindrical blocks (diameter, 6 .0 mm; height, 12.0 mm; NEOBONE ® , Aimedic MMT Co., Ltd Materials, Tokyo, Japan) were used. IP-CHA has 75% porosity and a mean pore diameter of 150 µm (all pores are interconnected with 40 µm diameter pores) (Fig. 1) . IP-CHA was manufactured using the ''form-gel'' technique 8) . Pure titanium dental implants were also used (diameter, 3. 
Animal experiments
The study timeline is shown in Fig. 2 . The experimental subjects were three male Beagle-Labrador hybrid dogs (weight, 20-25 kg; age, 14-16 months). The animals were fed in their cages for 1 month to permit acclimatization. During the first surgery, an IP-CHA block was placed into a prepared bone socket in the femur on the right side (diameter, 6 .0 mm; depth, 12.0 mm). Twelve weeks after the first surgery, a second surgery was performed. Implant sockets were prepared using a special power tool with serial cutting drills and a screw tap in accordance with the Brånemark ® system manual. To minimize damage to the bone, we used low-speed, low-pressure drilling and continuous external saline irrigation. On the right side, implant sockets were prepared in the central portion of the grafted IP-CHA and the implant was placed (test group, n=3). On the left side, an implant was placed in parent bone as a control (control group, n=3). At implant placement, resonance frequency analysis (RFA) was performed using an Osstell ® implant stability quotient (ISQ) instrument (Osstell AB, Gothenburg, Sweden). ISQ measurements were performed three times from two diff erent directions, and the values obtained for each implant were averaged. Twelve weeks after the second surgery, ISQs were measured on each side of the implant. Then, the removal torque (RT) of the implant was recorded with a digital torque gauge (BTG-E100CN, Tohnichi, Tokyo, Japan). After these measurements were made, the animals were sacrifi ced, and bone tissue blocks were harvested.
Specimen preparation
All tissue blocks were fi xed in 10% neutral formalin. Tissue blocks were cut and decalcifi ed with hydrochloride for 5 days, dehydrated in a graded ethanol series, cleared in xylene, and embedded in paraffi n. Sections 5 μm in thickness were obtained from each block and stained with hematoxylin and eosin (H-E). A light microscope was used for histological examination of the specimens. 
Statistical analysis
ISQ values were statistically analyzed at the 5% signifi cance level using a one-way analysis of variance and Tukey's signifi cant diff erence test for multiple comparisons. The data are expressed as means ± standard deviations. RT values were statistically analyzed at the 5% signifi cance level using Mann-Whitney U tests.
Results
Assessment of Implant stability
The ISQs in the test and control groups. cm) were not signifi cantly diff erent (Table 2) . Fig. 3 shows histological images from the test group: an implant placed at a site reconstructed with IP-CHA. Newly formed bone is observed in the pores of the IP-CHA and in the gaps between the implant threads. Aspects of bone ingrowth are observed along the boneimplant interface (Fig. 3A) . This osteoconduction from the pre-existing bone was detected not only in the upper portion but also in the middle portions of the IP-CHA (Fig. 3B) . Fig. 4 shows histological images from the control group: an implant placed at a parent bone site. Newly formed bone was mainly detected in the upper portion of the upper portion (Fig. 4A) . Aspects of ingrowth could be observed in cortical bone, however, it was not observed much in the bottom portion of the cancellous bone and bone marrow areas (Fig. 4B) .
Histological evaluation
Discussion
The present study demonstrates that implants placed at sites reconstructed with IP-CHA blocks achieved favorable implant stability. The ISQ and RT values were equivalent to those observed at parent bone sites. In the present study, implant placement was performed after bone reconstruction with an IP-CHA block instead of being placed at the same time as the defect reconstruction.
De Santis et al. 14) reported the results of implant placement into contemporaneous mandibular defects. The implant and autologous bone were simultaneously placed on one side, while another implant was placed on the other side following autologous bone block grafting. In the results, the bone-implant contact (BIC) ratio after implant placement was superior to that at the site with the simultaneously placed implant and autologous bone block grafting. This result suggests that implant placement after preliminary bone reconstruction would be predictable for implant placement at sites of large bone defects. Synthetic biomaterials are regarded as ideal for grafting because there are no risks from harvesting limitations, donor innovation, or unforeseen infection. Although HA has been used for bone grafting, a traditional HA block is not suitable for preliminary bone reconstruction in implant placement because of its insufficient porosity and noninterconnected structures. There is a report showing that bone ingrowth into porous HA with no interconnected structure was less than 300 µm at 4 months after implantation 15) . A pore size diameter greater than 10 µm is required for reliable osteoconduction because the size of the nucleus in most mammalian cells is larger than 10 µm 16) . Thus, insufficiently interconnected structures inhibited ingrowth of boneforming cells and vascularization from the recipient site 17) . For these reasons, HA blocks are considered problematic for preliminary bone reconstruction in implant placement. From its construction, IP-CHA has systematic and uniform pores and almost all pores are interconnected. The average diameter of an interconnected pore is 40 µm, and thus cell ingrowth and vascularization are possible 8) . In our previous study, connective and bone tissues were detected in the central portion of grafted IP-CHA in in vivo studies 11, 12) . Furthermore, the newly formed bone ratio for grafted IP-CHA at 24 weeks was greater than that at 12 weeks in an animal model using a canine femur 13) . These fi ndings indicated that osteoconduction progressed continuously at the grafted IP-CHA site. Therefore, bone reconstructed with IP-CHA allows bone remodeling, and implants can achieve osseointegration when bone reconstruction is performed with IP-CHA blocks. In this study, RFA and RT were measured to assess implant stability. RFA has been shown to be an effective measurement method to evaluate implant stability. Implant stability data are calculated as an ISQ value by the Osstell device 18, 19) . A successfully stabilized implant appears in the range from 57 to 82. The ISQ is influenced by the bone surrounding the implant and the rigidity of the bone-implant interface in cortical and cancellous bone. In the results, the ISQ of the test group at implant placement was similar to that in the control group. On the other hand, the ISQ of the test group 12 weeks later was signifi cantly higher than in both groups at placement. The ISQ is considered to increase with the stiffness conditions of the bone-implant interface 20, 21) . Regarding implant placement at sites preliminarily reconstructed with IP-CHA, it is considered that the placed implant is fi rst mechanically stabilized by surrounding bone tissues (mainly the cortical bone portion), and then the degree of stabilization gradually increases as newly formed bone integrates into the entirety of the placed implant. Histologically, newly formed bone was observed at the test site not only in the cortical area of the upper portion but also in the cancellous bone area surrounding the periphery, unlike that observed at the control sites. This probably occurred because of osteoconduction in the IP-CHA from ingrowth of surrounding bone into the porous and interconnected structures. For these reasons, the ISQ in the test group at 12 weeks was higher than that at the time of placement. RT measurement also provides a quantitative assessment of osseointegration of the entire implant, and RT is defi ned as the shearing load when the bone-implant interface is destroyed by a method with removal force 22) . In the present study, RT values were not signifi cantly diff erent between the test sites reconstructed with IP-CHA and the control (parent bone) sites. Normally, RT is strongly infl uenced by cortical bone integration and strongly correlates with the BIC ratio 22) . In our previous study on implant placement at sites reconstructed with IP-CHA, the BIC ratio was not significantly different between the grafted IP-CHA site and the parent bone site 13) . Regarding the results of the histological observation, newly formed bone was detected in the gaps between the implant threads at the test site reconstructed with IP-CHA. These fi ndings were mainly detected in the upper portion of the bone socket as well as at the control (parent bone) site. Therefore, RT values were observed to be similar in both groups. IP-CHA has superior osteoconduction, which is advantageous for bone reconstruction because of bone ingrowth formation in the center portion, and the formed bone undergoes remodeling. For these reasons, an implant could achieve favorable implant stability when placed at sites reconstructed with IP-CHA as well at parent bone sites. It is authors' intention to conduct further studies with experimental under loaded condition or mechanical properties to investigate detailed bone aspects in clinical model.
